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Summary – The 30-s all-out Wingate test has been used in athletes of all sport specialties to measure the capacity for short duration, high 
power output while cycling. The aim of this study was to establish differences in measuring anaerobic capacity between the classic Wingate 
test on a cycling ergometer and the modified Wingate test on a rowing ergometer in rowers. A group of 20 rowers was tested by both the cycle 
and rowing ergometers during 30s of maximum power to test anaerobic capacity and to make correlation between these tests. The parameters 
measured were the  peak power and mean power. The peak power on the cycling ergometer was 475±75.1W and 522.4±81W (p<0.05) on the 
rowing ergometer. The mean power on the  cycling ergometer and the rowing ergometer was 344.4±51.1W and 473.7W±67.2, (p<0.05) respec-
tively. The maximum values were achieved at the same time on both ergometers, but remained on the higher level till the end of the test on the 
rowing ergometer. By correlating the anaerobic parameters of the classic Wingate test and a modified Wingate test on the rowing ergometer a 
significant positive correlation was detected in the peak power (r=0.63, p<0.05) as well as  in the mean power (r=0.65, p<0.05). The results 
show that the rowers achieved better results of the anaerobic parameters on the rowing ergometer compared to the cycling ergometer due to a 
better mechanical efficiency.  It is concluded that the modified Wingate test on the rowing ergometer can be used in rowers for testing their 
anaerobic capacity as a sport specific test ergometer since it provides more precise results. 
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Introduction
The human energy capacity consists of two main 
parts, aerobic and anaerobic, according to the nature of 
the energy yielding biochemical processes which take 
place in the cell. Characteristics of physical activity de-
pend on the volume and rate of energy release necessary 
for physical activity and differ significantly in various 
forms and shapes of activity. The volume of the energy 
capacity and the level of its exploitation are significantly 
different among individuals. This is of particular impor-
tance for achieving top sports results. Energy capacity 
can be accurately measured in many ways.
The  assessment  of  the  anaerobic  capacity  can  be 
conducted in several ways. The most common are the 
motor tests [1–3], determination of the maximum oxy-
gen  debt  [4],  and  maximum  oxygen  deficit  [5]  and 
muscle biopsy [6]. The most commonly used test today 
is the Wingate anaerobic test. The Wingate test (WAnT) 
is widely used test for the comparison of anaerobic ca-
pacity between different sexes [7,8], age groups [9] and 
athletes [10,11]. The validity of the WAnT for measuring 
anaerobic capacity was proved many times in the past 
by correlating peak power and mean power on fields, in 
laboratories and also by histological analyses [3,12,13]. 
There is also a significant positive correlation between 
the Wingate test and other laboratory tests that measure 
the anaerobic capacity (oxygen debt and deficit) [14]. 
The assessment of anaerobic capacity by the Wingate 
test provides valuable information for determining the 
current state of physical fitness of the subject as well as 
for monitoring progress during training.
A  cycle  ergometer,  as  a  tool  for  conducting 
WAnT,  provides valuable information for measuring 
anaerobic capacity; however,  there is still a question 
whether it depicts the real situation in various sport dis-
ciplines. For this reason, there is a need to assess anae-
robic capacity on the principle of the Wingate test, 
performed on other more sport – specific devices.
The aim of this study was to determine the diffe-
rence between the Wingate test on a cycle ergometer 
and a modified Wingate test on a rowing ergometer 
in rowers.
Material and methods
Subjects
The  study  involved  20  male  rowers  from  the 
rowing club Danubius, Novi Sad, who volunteered 
to participate in the study. All subjects were healthy, 
as confirmed by the  medical examination, and able 
to participate in the planned study. The anthropome-
tric parameters (age, body weight - BW and body 
height - BH) were measured and data on the length 
of the sports experience were collected.
Experimental procedure
Cycling ergometer
WAnT is 30 seconds „all-out” test on a cycling 
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ning the wheel with integrated paddles against the 
resistance of air flow. The test was conducted on a 
cycle  ergometer  under  identical  experimental  and 
microclimatic conditions. 
The load was recorded directly through the modu-
le of the computer, set to measure the number of revo-
lutions of the flywheel of the cycle ergometer. The 
software support provided storing and analysis of data. 
This method enabled the direct monitoring of testing 
the parameters of anaerobic capacity, maximum power 
(Peak  Power,  Peak  Power/weight),  medium  power 
(Mean Power Mean Power/weight) and fatigue index 
[15]. The subjects were familiar with the way of per-
forming the test. Prior to the test all subjects perfor-
med warm up procedure lasting 10 minutes. The aim 
of warm up was to achieve adaptation of physiological 
parameters  to  the  higher  level,  which  provided  the 
maximum result of the test. The test started on the au-
dio signal from the computer, after which the subjects 
pedaled at the  maximum speed for 30s.
Rowing ergometer
The  modified  Wingate  rowing  ergometer  test 
(WAnTr) was performed on the Concept II rowing mac-
hine (Vermont, USA). The faster the subjects got the 
wheel spinning, the more resistance was generated. The 
WAnTr test was performed for 30 seconds and the re-
sults were processed in the software system of the devi-
ce. The average power of contraction was measured by 
finding the mean value of individual contractions in 
each interval of 5 seconds. Six values were obtained wi-
thin the interval of 30 seconds.
The subjects were familiar with the way of perfor-
ming the test and before the main test they had done a 
trial testing on the rowing ergometer. The trial test la-
sted for 10 minutes and, as in the previous test on the 
cycle ergometer, its goal was to warm up the subjects 
and make the subjects familiar with the test procedure.
The test started on the voice sign, after which the 
subjects performed their first contraction. After the 
first contraction the subjects were „rowing” for 30 se-
conds with the maximal strength. The movements on 
the rowing ergometer are the most similar to those   
performed in a rowing boat by rowers during a race.
Tabela 1. Osnovne karakteristike grupe veslača (n=20)
Table 1. Basic characteristics of rowers (n=20)
Veslači
Rowers
Srednja vrednost
Mean value
Standardna devijacija 
Standard deviation
Koeficijent varijacije 
Coefficient of  variation
TV 
Height (cm)
181.75 5.08 2.8
TM
Weight (kg)
71 7.44 10.48
Starost/Age 15.25 0.72 4.64
Results
Table  1  shows  the  group  analysis  of  the  basic 
characteristics  of  rowers.  The  results  indicate  the 
homogeneity of the measured parameters.
The  testing  of  anaerobic  capacity  of  rowers  was 
carried out on the cycle ergometer and the rowing er-
gometer. The test results are shown in Tables 2 and 3.
Tabela 2. Parametri klasičnog testa Wingate na bicikl ergometru
Table 2. Parameters of the  classic Wingate test on a cycling er-
gometer
Bicikl ergometar
Cycling ergometer
Srednja vrednost
Mean value
Standardna 
devijacija
Standard de-
viation
Koeficijent va-
rijacije
Coefficient of 
variation
Peak Power (W) 475 75.1 16
Peak power/Body weight  6.69 0.86 13
Prirast (W/s)/Explosive power 67.5 14.2 21
Prirast/telesna masa 
Explosive power/Body weight
0.95 0.19 20
Mean Power/Srednja snaga (W) 344.4 51.1 15
Mean Power/Body weight   4.85 0.72 14.85
Tabela 3. Parametri modifikovanog testa Wingate na veslačkom 
ergometru
Table 3. Parameters of modified Wingate test on rowing ergome-
ter
Veslački ergometar
Rowing ergometer
Srednja 
vrednost
Mean 
value
Standardna 
devijacija
Standard 
deviation
Koeficijent 
varijacije
Coefficient of 
variation
Peak Power (W) 522.4 81 15.5
Peak power/Body weight (W/kg) 7.36 0.96 13
Mean Power (W) 473.7 67.2 14.2
Mean Power/Body weight  (W/kg) 6.67 0.79 11.85
The comparison of parameters of anaerobic capaci-
ty  on  the  cycle  ergometer  and  rowing  ergometer  is 
shown in Graph 1, according to which the rowers ac-
hieved significantly better results on the rowing ergo-
meter. Statistically significant differences in favor of 
the rowing ergometer were obtained in parameters of 
maximum power (peak power - PP) and mean power 
(mean power - MP). The parameter PP on the cycle er-
gometer was 475±75.1W, while on the rowing ergome-
ter it was 522.4±81W (P<0.05). The parameter MP was 
also  significantly  higher  on  the  rowing  ergometer 
(344.4W 473.7±51.1 to±67.2W, p<0.05). Dy                na                mics of 
the load shows that the subjects reached the maximum 
value  at  the  same  time  interval  on  both  ergometers 
(2.75 of 5sec interval on the  cycle ergometer and 2.8 of 
5sec interval on the rowing ergometer, p>0.05). Howe-
ver, a higher drop in power during the test was recor-
ded on the cycle ergometer, as shown in Graph 2. 
By correlating the parameters of anaerobic capa-
city on the rowing and cycle ergometer a statistically 
significant positive correlation was found for the pa-
rameters of maximum power (r=0.63, p<0.05) and 
mean power (r=0.65, p<0.05).
 Abbreviations
 WAnT  – Wingate test
 WAnTv  – Wingate test on a rowing ergometer
 PP  – Peak Power
 MP  – Mean Power622
Discussion
The success of athletes in each sport depends on 
the technical, tactical, physiological and psychologi-
cal characteristics of the athletes. A sports score is 
determined by their mutual interaction and quality of 
these interactions. The share of individual components 
varies in different sports. That is why every sport must 
be considered separately. Hence, it is necessary to ana-
lyze the impact of individual components in a particular 
sport before the monitoring of training process begins.  
Physiological abilities, such as aerobic and anaerobic 
capacity can be measured by various tests. The impor-
tant thing in choosing the test is the selection of a rele-
vant test for the activity of the individual, such as riding 
a bike for the cyclist or intermittent running test for the 
basketball players. It should also be known that labora-
tory tests provide general information about the physi-
cal fitness level of athletes, but rarely provide accurate 
data on the success of athletes on the sports field. To 
achieve a more accurate measurement of a performance 
it is better to use some of the field tests. 
There are several tests that have been specifically 
designed to measure anaerobic capacity of rowers [16]. 
However,  the  unilateral  movements  of  the  lower  or 
upper extremities do not correspond well with the coor-
dinated  bilateral  movements  of  the  upper  and  lower 
extremities in rowing. The fact that anaerobic capacity 
is very important for rowers [17] highlights even more 
the need to use sport-specific ergometric tests to assess 
anaerobic capacity in rowers. 
The technique itself plays a great role in every sport 
competition as well as in testing with the rowing ergo-
meter. The technique is in fact a dynamic stereotype. In 
this study we used the rowing ergometer along with the 
classic cycle ergometer to find out whether there is a 
correlation between these tests and to determine the im-
pact of training process for specific muscles on the re-
sults of tests in rowers.  
Dynamic stereotype is a complex mechanical action 
that takes place in the precisely defined sequence and 
timing and it is learned during life. The proper synchro-
nization and execution of the movements of all extremi-
ties increase mechanical efficiency and enable better 
results. Uncoordinated movements lead to dissipation of 
energy. Therefore, a good training process is very im-
portant, especially in early childhood when people start 
with physical activity in different sports, since the dyna-
mic stereotype is  established at that early time. 
A great influence on the test result of the well-esta-
blished dynamic stereotype is also shown by this study 
in rowers. Rowers have increased not only the muscle 
strength during many years of training, but also the me-
chanical efficiency when using their muscles for the 
movements specific for their sport. Therefore, the re-
sults on the rowing ergometer are significantly better 
than the results of tests on the cycle ergometer.
Our results on the rowing ergometer match with tho-
se obtained by Mandic and associates in their research 
[18] where the value of PP in rowers on the Concept II 
rowing ergometer was 590.1±60.7W. Also, the results 
achieved on a cycle ergometer match the results of other 
authors [19,20] and belong to the group of good test re-
sults published by Inbar et al. [21].
A significant positive correlation was obtained by 
comparing  the  parameters  of  anaerobic  capacity 
between the two ergometers. This increases the uti-
lity value of the rowing ergometer as a sport-specific 
ergometer in testing the rowers.
Conclusion
 
There is a significant correlation between the con-
ventional Wingate test on the cycle ergometer and a 
modified  Wingate  test  on  the  rowing  ergometer. 
Rowers achieve better results of anaerobic capacity 
parameters on the rowing ergometer than on the cycle 
ergometer due to increased mechanical efficiency du-
ring their use of specific muscles in rowing motions. 
The rowing ergometer is recommended to be used as 
a  sport-specific  ergometer  for  testing  rowers  as  it 
provides more accurate results.
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Graph 1. Values of PP and MP on a cycling and rowing ergometer 
Grafikon 1. Vrednosti PP i MP na bicikl i veslačkom ergometru
Graph 2. Dynamics of load on a rowing and cycling ergometer
Grafikon 2. Dinamika opterećenja na veslačkom i bicikl ergometru
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Uvod
Wingate test je trideset-sekundni ”all-out” test koji se koristi 
kod sportista svih sportskih specijalnosti za merenje anaerobnog 
kapaciteta tokom vožnje bicikl ergometra. Anaerobni kapacitet 
je odgovoran za kratke i intezivne aktivnosti. Cilj rada je bio da 
se utvrdi razlika između Wingate testa na bicikl ergometru i simu-
lacije Wingate testa na veslačkom ergometru kod veslača. 
Materijal i metode
Ispitivano je 20 veslača kod kojih su mereni parametri anaerobne 
sposobnosti na bicikl ergometru i veslačkom ergometru, specifičnim 
za dati sport. Vršena je i korelacija između ova dva testa. Mereni su 
parametri maksimalne snage (Peak power) i srednje snage (Mean 
power).
Rezultati
Parametar maksimalne snage na bicikl ergometru je bio 475±75,1W, 
dok je na veslačkom ergometru bio 522,4±81W (p<0,05). Parametar 
srednje snage se takođe značajno razlikuje (344,4±51,1 W prema 
473,7±67,2 W, p<0,05). Maksimalne vrednosti opterećenja su posti-
gnute u istom vremenskom periodu, ali su vrednosti zadržane na vi-
šem nivou na veslačkom u odnosu na bicikl ergometar. Korelacijom 
izmedju dva ergometra dobijena je visoka statistička značajnost u 
parametrima maksimalne snage (r=0,63, p<0,05) i srednje snage 
(r=0,65, p<0,05). 
Diskusija
Dobijeni rezultati pokazuju da su veslači postigli značajno bolje pa-
rametre anaerobne sposobnosti na veslačkom ergometru u odnosu 
na bicikl ergometar, najverovatnije usled povećanja mehaničke efi-
kasnosti pri izvođenju pokreta. 
Zaključak
Veslački ergometar se može preporučiti za testiranje veslača kao 
sport specifični ergometar jer daje preciznije rezultate. 
Sažetak
Ključne reči: Anaerobni prag; Testiranje tokom vežbi; Ergometrija; Performanse sportista; Mišićna snaga + fiziologija; Fizička izdr-
žljivost + fiziologija
Rad je primljen 29. X 2008.
Prihvaćen za štampu 20. XI 2008.
BIBLID.0025-8105:(2010):LXIII:9-10:620-623. 
5. Medbo JI, Mohn AC, Tabata I, Bahr R, Vaage O, Sejersted 
OM. Anaerobic capacity determinated by maximal accumulated 
O2 deficit. J Appl Physiol 1988;64(1):50-60.
6. Kaczlowski W, Montgomery DL, Taylor AW, Klissouras V. 
The relationship between muscle fiber composition and maximal ana-
erobic power and capacity. J Sports Med Phys Fit 1982;22:407-13.
7. Hill DW, Smith JC. Gender difference in anaerobic capaci-
ty: role of aerobic contribution. Br J Sports Med 1993;27:45-8.
8. Weber CL, Chia M, Inbar O. Gender differences in anae-
robic power of the arms and legs: a scaling issue. Med Sci Sports 
Exerc 2006;38:129-37.
9. Inbar O, Bar-or O. Anaerobic characteristics in male chil-
dren and adolescents. Med Sci Sports Exerc 1986;18:264-9.
10. Granier P, Mercier B, Mercier J, Anselme F, Prefaut C. Aero-
bic and anaerobic contribution to Wingate test performance in sprint 
and middledistance runners. Eur J Appl Physiol 1995;70:58-65.
11. Scott C, Roby F, Lohman T, Bunt J. The maximally accu-
mulated  oxygen  deficit  as  an  indicator  of  anaerobic  capacity. 
Med Sci Sports Exerc 1991;23:618-24.
12. Watson RD, Sargeant TCR. Laboratory and on-ice test 
comparisons of anaerobic power of ice-hockey players. Can J 
Appl Sports Sci 1986;11:218-24. 
13. Tamayo M, Sucec A, Philips W, Buon M, Laubach L, 
Frey  M.  The  Wingate  anaerobic  test,  peak  blood  lactate,  and 
maximal  oxygendebt  in  elite  volleyball  players:  a  validation 
study. Med Sci Sports Exerc 1984;16:S126.
14. Serresse O, Lortie G, Bouschard C, Boulay MR. Estimati-
on of the contribution of the various energy systems during maxi-
mal work of short duration. Int J Sports Med 1988;9:456-60.
15. MacIntosh R, Rishaug P, Svedahl K. Assessment of peak 
power and short-term work capacity. Eur J Appl Physiol 2002.
16. Bell GJ, Petersen SR, Quinney HA, Wenger HA. The ef-
fect  of  velocity-specific  strength  training  on  peak  torque  and 
anaerobic rowing power. J Sports Sci 1989;7:205-14.
17. Secher NH. Physiological and biomechanical aspects of 
rowing. Sports Med 1993;15:24-42.
18. Mandic S, Quinney H.A, Bell G. J. Modification of the 
Wingate anaerobic power test for rowing: optimization of the re-
sistance setting. Int J Sports Med 2004;25:409-14.
19. Beneke R, Hütler M, Leithäuser RM. Anaerobic perfor-
mance and metabolism in boys and male adolescents. Eur J Appl 
Physiol 2007;101:671-7. 
20. Popadić-Gaćeša J, Karaba-Jakovljević D, Barak O, Drap-
šin M. Primena modifikovanog Wingate anaerobnog testa za me-
renje maksimalne snage. Med Pregl 2009;62(5-6):207-11.
21. Inbar O, Bar-Or O, Skinner JS. The Wingate anaerobic 
test. Champaign, Il: Human Kinetics 1996.